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METHODS AND APPARATUSES FOR FAST
POWER CONTROL OF SIGNALS
TRANSMITTED ON A MULTIPLE ACCESS
CHANNEL

BACKGROUND OF THE INVENTION

I. Field of the Invention

The present invention relates generally to mobile radio
telephone systems. More particularly, the present mnvention
relates to systems and methods for quickly controlling the
output transmit power of signals sent from mobile stations to
base stations on multiple access channels within a mobile
radio telephone system and determining which from among
many mobile stations has properly gained access to the
multiple access channel.

II. Description of the Related Art

In CDMA radio telephone systems operating in accor-
dance with the TIA/EIA-95 standard (the IS-95 standard),
the Access Channel (R-ACH) is used for communications
from the mobile station to the base station when the mobile
station 1s not assigned to a dedicated channel such as a
Traffic Channel (TCH). The R-ACH carries originations,
page responses, registrations, and acknowledgments to mes-
sages sent by the base station on the Paging Channel. The
R-ACH 1s transmitted at a constant rate of 4800 bps. This 1s
in contrast to the Tratfic Channel which 1s variable rate.
Details of an exemplary CDMA system can be found 1n U.S.
Pat. No. 4,901,307 enfitled “Spread Spectrum Multiple
Access Communication System Using Satellite Or Terres-
trial Repeaters”, which 1s assigned to the assignee of the
present 1nvention and incorporated herein 1n 1ts enfirety by

reference. The IS-95 standard 1s set forth in the TIA/EIA
Interim Standard entitled “Mobile Station—Base Station
Compatibility Standard for Dual-Mode Wideband Spread
Spectrum Cellular System”, TTIA/EIA/IS-95, dated IJuly,
1993, the contents of which are also incorporated herein by
reference.

On the R-ACH, the mobile station uses a long code
spreading mask that 1s specific to the base station. In
particular, a base station can have up to seven Paging
Channels. Associated with each Paging Channel 1s one or
more R-ACHs (up to 32 are permitted). Each R-ACH has a
long code mask which determines the spreading sequence.
The mask includes the 1dentity of the base station associated
with the channel, the Paging Channel to which the R-ACH
1s associated, and the number of the R-ACH. This provides
a unique long code mask and thus a unique long code
sequence for the particular R-ACH.

While certainly possible, the R-ACH 1s not operated 1n
soft handoff. This 1s unlike the Traffic Channel which 1is
operated 1n soft handoff. Furthermore, the R-ACH does not
have fast power control as on the 1S-95 Traffic Channel. On
the Traffic Channel, the base station transmits a power
control stream at 800 bps to the mobile station. BPSK
modulation 1s used for the power control bit stream. One
phase of the bit indicates that the mobile station its to
Increase 1s transmit power; another phase of the bit indicates
that the mobile station 1s to decrease its transmit power. The
base station determines whether to have the mobile station
increase or decrease 1its transmit power by controlling the
received energy to noise density in the base station to a
threshold. If the received energy to noise density is less than
the threshold, the base station has the mobile station increase
its transmit power; 1f the received energy to noise density 1s
orcater than the threshold, the base station has the mobile
station decrease 1ts transmit power. This 1s described more 1n
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[S-95 and 1n U.S. Pat. Nos. 5,056,109 and 5,265,119, both
of which are entitled “Method and Apparatus for Controlling
Transmission Power In A CDMA Cellular Telephone Sys-
tem” and assigned to the assignee of the present invention
and 1ncorporated by reference herein.

One reason for not having fast power control on the
R-ACH 1s that multiple mobile stations may transmit on the
same R-ACH, thus making it hard to control with one power
control stream. Furthermore, 1f there are many power control
streams controlling one channel, it 1s not clear how to map
the power control stream to the mobile station. U.S. Pat. No.
5,604,730 (hereinafter *730 patent) which is assigned to the
applicant describes how one power control stream can be
used to control a number of mobile stations. As described
below, the technique taught in *730 patent 1s also applicable
to the mvention described herein.

In CDMA systems operating in accordance with the IS-95
standard, the mobile station determines a level at which to
transmit on the R-ACH based upon an open loop power
control estimate, adjusted by some overhead parameters.
More particularly, under the IS-95 standard, the mobile
station attempts an access on a R-ACH by sending one or
more access probes. An access probe 1s the message which
the mobile station 1s trying to send to the base station. The
mobile station starts by sending an access probe; if the
mobile station does not receive an acknowledgment to this
access probe, the mobile station 1increases 1ts transmit power
(by a value given in overhead messages) and sends the probe
again. This continues until the mobile station receives an
acknowledgment or the mobile station has reached the limit
of access probes which are permitted.

In any mulfi-access system, one key aspect of system
design 1s congestion control. From the perspective of the
R-ACH, congestion control 1s responsible for controlling the
number of mobile stations simultaneously accessing a
R-ACH. Congestion control 1s important since when too
many mobile stations access the system, the system 1s unable
to handle them. Specifically, there can be more transmis-
sions on the reverse link than the base station 1s able to
receive. This 1s a physical hardware limit. Secondly, the
reverse CDMA channel has a capacity limit. When the
capacity limit 1s reached, then the required transmit power of
the mobile stations goes to infinity—thus, not permitting
communications. Thus, it 1s necessary to keep the load on
the channel within limits. Since the R-ACHs typically share
the reverse channel with traffic channels, a certain fraction of
the reverse capacity 1s typically allocated to the R-ACHs. It
should be noted that excessive loading on the R-ACHs can
create a substantial load on the reverse link, thus limiting the
performance of mobile stations which are already assigned
to a Tratfic Channel. It should also be noted that the R-ACH
itself 1s somewhat unstable as the actual throughput of the
R-ACH may decrease after a certain load 1s reached on the
reverse link. In order to control this load, the IS-95 standard
has a number of congestion control mechanisms. These
include access probe backofls, access sequence backolfls,
channel randomizations, and PN randomizations. However,
IS-95 lacks any mechanism for quickly enabling and dis-
abling access to a R-ACH 1n order to control congestion.

These problems and deficiencies are recognized and
solved by the present mmvention in the manner described
below.

SUMMARY OF THE INVENTION

One aspect of the mnvention 1s directed to a method and
apparatus for controlling the transmission of signals from



US 6,252,865 Bl

3

one or more of a plurality of mobile stations to a base station
on a plurality of M multiple access channels. A power
control nformation packet formed from a plurality of power
control bits 1s transmitted from the base station to the one or
more mobile stations. Each of the power control bits 1n the
power control information packet has a position that 1s

™

mapped to a selected access channel and to a time offset
within the selected access channel. The power control infor-
mation packet 1s received at a first mobile station. A message
1s then transmitted from the first mobile station to the base
station on a first access channel and at a first time oifset
assoclated with the first access channel. The message 1s
transmitted from the first mobile station at a power level
determined 1n response to a first power control bit 1n the
power control information packet. The first power control bit
1s located 1n a first position in the power control information
packet, the first position being mapped to the first access

channel and the first time offset.

In accordance with a further aspect, the invention 1s
directed to a method and apparatus for controlling the
transmission of signals from two or more of a plurality of
mobile stations to a base station on a plurality of M multiple
access channels. A power control information packet formed
from a plurality of power control bits 1s transmitted from the
base station to one or more mobile stations. Each of the
power control bits 1n the power control information packet
has a position that 1s mapped to a selected access channel.
The power control information packet 1s received at a first
mobile station and a second mobile station. Messages are
then simultaneously transmitted from the first mobile station
and the second mobile station to the base station on a first
access channel. The messages from the first and second
mobile stations are transmitted on the first access channel at
power levels that are determined 1n response to only a first
power control bit 1n the power control information packet,
wherein the first power control bit 1s located in a first
position 1n the power control information packet, and the
first position 1s mapped to the first access channel.

In accordance with a further aspect, the invention 1s
directed to a method and apparatus for controlling the
fransmission of signals from one or more of a plurality of
mobile stations to a base station on one or more of a plurality
of multiple access channels. A power control mnformation
packet formed from a plurality of power control bits 1s
fransmitted from the base station to one or more mobile
stations. The power control bits 1n the power control 1nfor-
mation packet are transmitted using a modulation that per-
mits each of the power control bits to assume one of {first,
second and third different states. The power control infor-
mation packet i1s received at a first mobile station, and the
first mobile station then identifies a state of a first power
control bit associated with a first access channel. One of first,
second or third operations 1s then performed at the first
mobile station 1f the state of the first power control bit
corresponds to the first state, wherein the first operation
corresponds to initiating the transmission of message mfor-
mation from the first mobile station to the base station on the
first access channel, the second operation corresponds to
inhibiting the initiation of transmission of message 1nfor-
mation from the first mobile station to the base station on the
first access channel, and the third operation corresponds to
ceasing the transmission of message mformation from the
first mobile station to the base station on the first access
channel. The output power level of the first mobile station on
the first access channel 1s increased if the state of the first
power control bit corresponds to the second state, and the
output power level of the first mobile station on the first
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access channel 1s decreased 1if the state of the first power
control bit corresponds to the third state.

In accordance with yet a further aspect, the mvention 1s
directed to a method and apparatus for controlling the
transmission of signals from one or more of a plurality of
mobile stations to a base station on a plurality of M multiple
access channels. A power control information packet formed
from a plurality of power control bits 1s transmitted from the
base station to one or more mobile stations. Each of the
power control bits 1n the power control information packet
has a position that 1s mapped to a selected access channel
and to a time oifset within the selected access channel. The
base station next determines whether a mobile station
accessed a first access channel during a time interval cor-
responding to a first time offset. If a mobile station accessed
the first access channel during the time 1nterval correspond-
ing to the first time offset, then a first power control bit
having a first position within the power control information
packet 1s mapped to the first access channel and the first time
offset. If a mobile station failed to access the first access
channel during the time interval corresponding to the first
time ofiset, then the first power control bit having the first
position within the power control information packet 1s

mapped to the first access channel and a second time offset
assoclated with the first access channel.

In accordance with yet a still further aspect, the invention
1s directed to a method and apparatus for performing an
access channel handoff for a mobile radio unit as the mobile
radio unit moves from a first cell 1n a mobile radio telephone
system to a second cell within the mobile radio system. At
least one power control bit from a first base station associ-
ated with the first cell 1s transmitted to the mobile radio unit.
The power control bit from the first base station 1s trans-
mitted at a first time 1nterval that corresponds to a first access
channel associated with the first base station. At least one
power control bit from a second base station associated with
the second cell 1s also transmitted to the mobile radio unat.
The power control bit from the second base station 1is
transmitted at a second time interval, that may correspond to
the first time interval used by the first base station. The
power control bit from the second base station that corre-
sponds to the access channel that was associated with the
first base station. Each of the power control bits 1n the power
control information packet has a position that 1s mapped to
a selected access channel and to a base station associated
with the selected access channel. The mobile radio unit
receives the power control packet from the first base station
and the power control packet from the second base station,
determines the corresponding power control bits, and then
determines the state of the power control bits. If the state
indicates that a message 1s to be transmitted and the mobile
station has a message to transmit, then the mobile station
transmits the message on a selected access channel. Each of
a set of prescribed base stations attempts to receive the
transmission on the selected access channel and then sets the
corresponding bit 1in the power control information packet 1n
accordance with the received signal to noise ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects and advantages of the present mnven-
tion will become more apparent from the detailed descrip-
tion set forth below when taken i1n conjunction with the
drawings 1n which like reference characters identily corre-
spondingly throughout and wherein:

FIG. 1 1s a diagram showing the structure of a bit stream
formed from a plurality of power control information
packets, 1n accordance with the present invention.
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FIG. 2 1s a timing diagram 1illustrating an exemplary
access of a channel by a mobile station using the power
control information packets of the present mnvention.

FIG. 3 1s a timing diagram showing the staggering of
access channel time slots within an access channel at dif-
ferent offsets, 1n accordance with the present invention.

FIG. 4 1s a diagram showing the structure of an access
channel time slot having an 1dle 1nterval, in accordance with
the present invention.

FIG. 5 1s a timing diagram showing a method for dis-
abling access by a mobile station to an access channel, 1n
accordance with the present invention.

FIG. 6 1s a timing diagram showing several staggered
access channel time slots each of which has an idle time
pertod associated therewith for regulating access to the

various stagegered access channel time slots, 1n accordance
with the present mnvention.

FIGS. 7, 7A, 8 and 8A are flow diagrams of systems for

regulating access to an access channel using a power control
bit that 1s capable of assuming three different states, in
accordance with the present invention.

FIG. 9 1s a flow diagram of a system for re-using power
control bits, in accordance with the present invention.

FIG. 10 1s a diagram showing several cells in a cellular
telephone system each of which has been divided into a
plurality of segments, 1n accordance with the present inven-
fion.

FIGS. 11A, 11B and 11C show the structure of a bit
stream formed from a plurality of power control information
packets that 1s used for handing-oif access channel trans-
missions from a first base station to a second base station, 1n
accordance with the present invention.

[

FIG. 12 1s a flow diagram of a method for handing-off
access channel transmissions from a first base station to a
second base station, 1n accordance with the present inven-
fiomn.

FIG. 13 1s a block diagram of showing the components of
an exemplary mobile station used for implementing the fast
access channel power control systems of the present inven-
tion.

FIG. 14 1s a block diagram of showing the components of
an exemplary base station used for implementing the fast
access channel power control systems of the present mven-
tion.

FIG. 15 1s an 1illustration of the way 1n which a power
control channel and a multiple access channel are configured
in accordance with one embodiment of the present 1nven-
fion.

FIG. 16 1s a stmplified block diagram of a mobile station
1600 1n accordance with the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Basic Fast Access Channel Power Control

Referring now to FIG. 1, there 1s a diagram showing the
structure of a bit stream 100 formed from a plurality of
power control information packets 110, in accordance with
the present invention. As explained more fully below, 1n the
present invention the information included 1 power control
information packets 110 1s transmitted from base stations to
mobile stations 1n a radio telephone system in order to
control the output power of transmissions from the mobile
stations to the base stations on one or more multiple access
channels such as, for example, a reverse access channel
(R-ACH) on a CDMA cellular system operating in accor-
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dance with the IS-95 standard. In addition, and as explained
below, the information included 1n the power control 1nfor-
mation packets 1s used to regulate access to the multiple
access channels by the mobile stations. The power control
packets can be sequential on a separate channel as 1s shown
in FIG. 1 or can be mtermixed with data on a separate
channel. This intermixing 1s well understood by those skilled
in the art.

Each power control information packet 110 1s comprised
of N power control bits 120. In the embodiment shown 1n
FIG. 1, each power control bit 120 in an power control
information packet 110 maps to a single R-ACH and 1s used
to control the output power on that R-ACH. Thus, the power
control bit 120 labeled 1 controls the output power level of
a mobile station transmitting on R-ACH (1), the power
control bit labeled 2 controls the output power of a mobile
station transmitting on R-ACH(2), and so on. In one
embodiment, each of the power control bits 1s modulated in
accordance with a combination of OOK (on-off keying) and
BPSK modulation and can therefore assume three states,
namely off, O degrees and 180 degrees. The second and third
states (1.e. O and 180 degrees) are respectively used to
convey on status and power-up and power-down commands
to the mobile station 1n response to which the mobile station
will, for example, either raise 1ts output transmit power by
1 dB (if a power-up command is received) or lower its output
transmit power by 1 dB (if a power-down command 1is
received). Other power control steps sizes can well be used
to optimize the system. Transmission of a power control bit
120 1in the first state (i.e., O degrees) 1s used in the present
invention for regulating access to the R-ACH associated
(i.c., mapped to) the power control bit by mobile stations. In
a preferred embodiment, each power information control
packet 110 1s 1.25 ms 1n duration, and the control packets
110 are transmitted from a base station to the mobile stations
serviced by the base station on a forward link common
control or power control channel.

In a simple version of the present invention, the power
control bits 120 are transmitted continuously from a base
station as a stream of BPSK modulated symbols. When a
mobile station begins to access a particular R-ACH, the
mobile station begins to pay attention to the power control
bit stream 100 and, in particular, to the power control bit 120
that 1s mapped to the particular R-ACH that the mobile
station has begun to access. If the power control bit 120
corresponding to the R-ACH accessed by the mobile station
indicates that the mobile station 1s to increase 1ts transmit
power, the mobile station does such; similarly, 1f the power
control bit 120 indicates that the mobile station 1s to decrease
1ts transmit power, 1t does such. In one preferred
embodiment, the base station transmits the power control bit
120 as an increase power command when the base station 1s
not receiving any transmissions on the R-ACH associated
with the power control bit (i.e., before the mobile station has
attempted to access the R-ACH corresponding to the par-
ticular power control bit 120). Transmitting the power
control bit 120 as an increase power command when the
base station 1s not receiving any transmissions on the
R-ACH associated with the power control bit causes the
mobile station to 1ncrease its power level at the beginning of
an access 1, for example, the mobile station 1s transmitting
at too low a power level.

Using fast power control as described herein permits
accurate power control of the mobile station on the R-ACH,
similar to that which can be done on the reverse traffic
channel (R-TCH) of a CDMA system. Such fast power

control 1s 1mportant for maximizing capacity of a mobile
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radio telephone system. Another advantage of the fast con-
trol 1s that 1t permits the mobile station to begin an R-ACH
access by transmitting its signal with more power than 1s
needed and then be rapidly corrected to the desired power
level once the base station has acquired the mobile station’s
fransmission.

Referring now to FIG. 2, there 1s shown a timing diagram
illustrating an exemplary access of a R-ACH by a mobile
station using the power control information packets 110 of
the present invention. As shown 1n FIG. 2, the access by the
mobile unit to the R-ACH occurs during an access channel
time slot. While a preferred embodiment uses time slots for
the R-ACH, it should be noted that the teachings of this
innovation do not require that the R-ACH be time slotted
and are thus applicable to systems which are not slotted.

At the beginning of the access channel time slot, the
mobile station initially transmits a message preamble at an
initial power level PO. In one embodiment, the initial power
level used during transmission of the message preamble
corresponds to a power level that 1s about 3 dB higher than
the power level of a first access probe that would otherwise
be used by the mobile station to access the R-ACH under the
[S-95 standard. After transmission of the message preamble,
the mobile station starts to demodulate the power control
information packets 110 and, 1n particular, the mobile station
begins monitoring the value of the power control bit 120 in
cach of the power control information packets correspond-
ing to the R-ACH now 1n use by the mobile station. In
response to the values stored in these power control bits, the
mobile station adjusts the output power of 1ts transmissions
either UP or DOWN (e.g., by plus or minus 1 dB) in
response to each power control bit 120 associated with the
R-ACH being used by the mobile station.

In accordance with a further aspect, the base station waill
wait unfil 1t detects a transmission from a mobile station
(i.e., the mobile station will wait until it detects the message
preamble) and has acquired transmissions from a mobile
station before turning on the power control bit stream. The
base station will determine whether to command the mobile
station to power-up or power-down based on the power level
of the received signal from the mobile station. More
specifically, the base station will compare the power level of
the received signal to a threshold; if the received signal 1s
below the threshold, the base station will use the power
control information packet to send a power-up command to
the mobile station, otherwise, the base station will use the
power control information packet to send a power-down
command to the mobile station.

In the embodiments described above, each power control
bit 120 1 the power control information packet 110 1s
mapped to a single R-ACH. In such embodiments, 1f there
are N power control bits 120 in each power control infor-
mation packet 110, such information packets can be thought
of as forming N bit streams each of which can be used to
control one R-ACH as described above. One aspect of a
multiple access channel such as the R-ACH 1s that multiple
mobile stations can simultaneously access and transmit on
such a channel. U.S. Pat. No. 5,604,730, assigned to the
assignee of the present invention and incorporated herein 1n
its entirety by reference, describes a method wherein a single
power control bit stream may be used to control the power
of multiple mobile stations operating simultancously. The
teachings of U.S. Pat. No. 5,604,730 can therefore be
combined with the embodiment of the power control 1nfor-
mation packet 110 described above (i.e., where there is
one-to-one mapping of the power control bits 120 to the
R-ACH’s) to permit the power levels of multiple mobile
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stations operating on the same R-ACH to be simultaneously
controlled quickly using a single power control bit stream.

As an alternative to the embodiment described immedi-
ately above, more than one power control bit stream can be
used to control the operating power of multiple mobile
stations operating on the same R-ACH. In this alternate
embodiment, a different mapping structure 1s used to map
the power control bits 120 to the mobile stations accessing
on a specific R-ACH. More particularly, 1n this alternate
embodiment the access channel time slots used for trans-
mission by the mobile units are stageered 1n time by multiple
oifsets within each R-ACH as shown 1n FIG. 3. Each oflset
indicates a time when a mobile station may begin transmit-
ting on a specific R-ACH. The time interval between suc-
cessive time offsets 1s preferably greater than the largest path
delay range (including maximum multipath delay) associ-
ated with transmissions from the base station to the mobile
station 1n order to avoid ambiguities 1n determining which
power control bit stream corresponds to a particular R-ACH
and offset. In one embodiment of the invention, the Access
Channel slots are divided into frames as 1s done 1n IS-95. In
the mstance of IS-95, a frame 1s 20 ms in duration. Thus, a
slot 1s comprised of S frames, so that the slot 1s 20xS ms in
duration, where S 1s either a fixed value or transmaitted to the
mobile station in system overhead information. To simplily
a system design, 1t may be preferable to select the time
interval between time offsets to be an integer number W of
frames, where W 1s less than S.

In this embodiment, one power control bit 120 1s used to
control the power of mobile station(s) that begin their
transmission on a given R-ACH in the first access slot (i.¢.,
after offset 1), another power control bit 120 is used to
control the power 120 of mobile station(s) that begin their
transmissions on the same R-ACH 1n the second access slot
(i.c., after offset 2), and so on. Although FIG. 3 shows four
stageered accesses on a given R-ACH, 1t will be understood
by those skilled in the art that any number of staggered
accesses may be used on a single channel.

Referring still to the embodiment discussed in the para-
oraph above where each R-ACH 1s divided by multiple
oifsets to create multiple staggered access times for trans-
missions by mobile stations, an exemplary mapping of the
power control bits 120 to the multiple R-ACH’s available to
the mobile stations for transmissions and the staggered
access times available for such transmissions 1s shown 1n
Table I below. The mapping shown 1n Table I assumes that
there are M R-ACH’s available to the mobile stations and K
staggers (or offsets) per R-ACH, and that there is a one-to-
one correspondence between each power control bit 120 and
cach offset within a given R-ACH. Given this one-to-one
mapping, MxK power control bits 120 are needed 1n each
power control information packet 110 1n this embodiment of
the 1nvention.

TABLE 1

Power Control Bit Position Access Channel Number Offset Position

1 R-ACH1 1st Oftset
2 R-ACHI1 2d Offset
3 R-ACH1 3d Offset
k R-ACH1 kth Offset
k+1 R-ACH?2 1st Offset
k+2 R-ACH?2 2d Offset
k+3 R-ACH?2 3d Offset
2k R-ACH?2 kth Offset
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TABLE I-continued

Power Control Bit Position Access Channel Number Offset Position

2k+1 R-ACHS3 1st Offset
2k+2 R-ACHS3 2d Oftset
2k+3 R-ACHS3 3d Offset
3k R-ACHS3 kth Offset
— - st set
(M 1)’*‘1{ R-ACH (M) 1st Off:
— + - d set
M-1)*k) +1 R-ACH (M 2d Oft
— + - sl set
M-1)*k) +2 R-ACH (M 3d Oft
M*k R-ACH (M) kth Offset

In order to reduce the forward link loading and slightly
Increase capacity, a base station using a power control
system that conforms with the mapping shown 1n Table 1
above will, 1n a preferred embodiment, refrain from trans-
mitting the power control bit associated with a particular
R-ACH and a given offset until the base station receives a
fransmission from a mobile station on the particular R-ACH
and offset. In this situation, if the base station is using BPSK
modulation for transmission of the power control bits, the
base station will simply not transmit the modulated symbol
for a given power control bit until the base station receives
a transmission from a mobile station on the particular
R-ACH and offset associated with the power control bat.
Thus, referring to FIG. 2, the base station would not begin
transmitting the corresponding power control bit until it has
detected the preamble of an R-ACH transmission. The
R-ACH preamble 1s defined, for example, 1n section
6.1.3.2.2.1 of the IS-95 standard.

In a small modification to the embodiment discussed in
the paragraph above, the base station begins transmitting the
power control bits associated with a particular R-ACH and
oifset at the beginning of an access channel time slot; 1f an
access on the particular R-ACH and offset 1s not detected by
the base station within a given interval, then the base station
stops transmitting the power control bits associated with the
particular R-ACH and offset. This embodiment permits the
base station to 1ndicate that the mobile station 1s to increase
its transmit power level at the beginning of the transmission
on an access channel time slot. Specifically, the base station
will begin transmitting power up commands using a Zero
degrees phase shift at the beginning of the slot. If an access
1s detected, the base station will then transmit a sequence of
power-up and power-down commands as needed to control
the power of the accessing mobile station or stations. If an
access 15 not detected, the base station will stop transmitting
the power control bit in order to reduce 1its transmit power
and thus increase capacity.

Using Power Control Bits for Enabling/Disabling Access to
an Access Channel

In accordance with further aspects of the invention, the
power control bits 120 1n the power control information
packet can be used for congestion control on the R-ACH,
1.€., the power control bits can be used to enable/disable
access on a R-ACH by a mobile station. In one such
embodiment, when no mobile station 1s accessing a given
R-ACH, the base station does not transmit the power control
bit corresponding to a particular R-ACH, thus indicating that
the channel 1s 1dle. When an acceptable number of mobile
stations are accessing the given R-ACH, then the base
station begins transmitting the power control bit associated
with the given R-ACH and uses 1t to indicate to the mobile
station(s) accessing the system that they should increase/
decrease their transmission power (i.€., if the base station is
using BPSK modulation for transmission of the power

10

15

20

25

30

35

40

45

50

55

60

65

10

control bits, the base station will simply transmit a plus or
minus 180 degree BPSK modulated symbol for a given
power control bit.) When, for example, the given R-ACH
becomes congested as a result of too many mobile stations
operating on the channel, the base station does not begin or
stops transmitting the power control bit associated with the
orven R-ACH to indicate to the mobile stations that they are
to cease transmitting on the R-ACH. This aspect of the

invention can be easily extended to the case where each
R-ACH is divided by multiple offsets (as shown in FIG. 3).

In this case, when no mobile station i1s accessing a given
R-ACH using a given oflset, the base station does not

transmit the power control bit corresponding to particular
R-ACH and offset thus indicating that the R-ACH and offset
are 1dle. When an acceptable number of mobile station(s) are
accessing the given R-ACH and offset, then the base station
begins transmitting the power control bit associated with the
orven R-ACH and offset, and uses 1t to indicate to the mobile
station(s) accessing the system that they should increase/
decrease their transmission power. When the given R-ACH
and offset become congested as a result of too many mobile
stations operating on the R-ACH and offset, the base station
stops transmitting the power control bit associated with the
orven R-ACH and offset to indicate to the mobile stations
that they are to cease transmitting on the R-ACH and offset.

The embodiments discussed in the paragraph above are
shown generally 1n FIGS. 7 and 7A, which depict a tlow
diagram of a system for regulating access to an access
channel using a power control bit that 1s capable of assuming
three different states. In step 710, a power control 1nforma-
tion packet formed from a plurality of power control bits 1s
transmitted from the base station to one or more mobile
stations. The power control bits 1n the power control 1nfor-
mation packet are transmitted using a modulation comprised
of OOK and BPSK that permits each of the power control
bits to assume one of first, second and third different states
(i.c., state 1=off degrees, state 2=0 degrees, and state 3=180
degrees). In step 720, the power control information packet
1s rece1ved at a mobile station, and 1n step 730 mobile station
then 1dentifies the state of the power control bit associated
with a given access channel. In step 740, one of first, second
or third operations 1s then performed at the mobile station 1f
the state of the power control bit corresponds to the first
state, wherein the first operation corresponds to initiating the
transmission of message information from the mobile station
to the base station on the given access channel, the second
operation corresponds to inhibiting the initiation of trans-
mission of message 1information from the mobile station to
the base station on the given access channel, and the third
operation corresponds to ceasing the transmission of mes-
sage information from the mobile station to the base station
on the given access channel. In the preferred embodiment
shown in FIG. 7A (labeled steps 741a—743a), if the power
control bit is in the first state (not transmitted) and the
mobile station has not yet begun to transmit on the given
access channel, then m step 742a the mobile station 1s
permitted to access the channel; otherwise, the mobile
station 1s ordered to cease transmitting on the given access
channel (step 743a). Referring again to FIG. 7, if the mobile
station 1s engaged 1n transmissions on the given access
channel and the base station transmits the power control bit
for the channel in its second or third state, then the output
power level of the mobile station on the access channel 1s
increased 1f the state of the power control bit corresponds to
the second state (step 750), and the output power level of the
mobile station on the access channel 1s decreased 1if the state
of the power control bit corresponds to the third state (step

760).
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As mdicated previously, certain alternatives of this mven-
fion do not require the base station to transmit during the
preamble portion of the access channel transmission. Thus,
in the preferred embodiment shown in FIG. 7A (labeled
steps 741a—743a), if the power control bit is in the first state
(the power control bit is not transmitted) and the mobile
station has not yet begun to transmit on the given access
channel, then 1n step 742a the mobile station 1s permitted to
access the channel; if the power control bit 1s 1n the first state
(the power control bit is not transmitted) and the mobile
station has 1s transmitting the preamble on the given access
channel, then 1n step 742a the mobile station 1s permitted to
continue transmitting on the given access channel;
otherwise, the mobile station 1s ordered to cease transmitting
on the given access channel (step 743a). Referring again to
FIG. 7, if the mobile station 1s engaged 1n transmissions on
the given access channel and the base station transmits the
power control bit for the channel 1n 1ts second or third state,
then the output power level of the mobile station on the
access channel 1s increased if the state of the power control
bit corresponds to the second state (step 750), and the output
power level of the mobile station on the access channel 1s
decreased if the state of the power control bit corresponds to
the third state (step 760).

Referring now to FIG. 4, 1in accordance with yet a further
aspect, a small 1dle 1nterval 1s preferably included at the end
of each access channel time slot 1n order for the base station
to be able to turn off the power control bits, thus indicating
that the channel 1s 1dle and mobile stations can access the
channel 1n the next slot. If the base station does not turn off
the power control bit corresponding to the channel during
this 1dle interval, then the mobile stations are not permitted
to transmit during the next slot. In this embodiment, the base
station normally will not transmit the power control bit for
a given R-ACH during the 1dle interval signaling to the
mobile stations that 1t 1s acceptable to access the R-ACH
during the next slot. If one or more mobile stations begin to
access the R-ACH during the next access channel time slot,
then the base station will begin to transmit power control bits
corresponding to the R-ACH (e.g., the base station will
transmit zero or 180 degree BPSK symbols for the power
control bit), thus causing the mobile station to increase or
decrease 1ts transmission power. Referring still to FIG. 4, 1n
a situation in which the base station did not desire to permat
access to the R-ACH or 1n a situation where the base station
wanted one or more mobile stations to cease transmitting on
the R-ACH, the base station would transmit power control
bits (e.g., the base station will transmit zero or 180 degree
BPSK symbols for the power control bit) during the idle
interval—thus indicating to the mobile stations that they are
not to access the R-ACH during the following slot. This
embodiment of the invention 1s shown generally 1n FIG. 8.
A further alternative embodiment 1s shown in FIG. 8A. The
embodiment of FIG. 8A 1s otherwise 1dentical to that of FIG.
8, except 1n FIG. 8 A the base station transmits power control
bits during the idle interval in order to indicate that mobile
stations are permitted to access the R-ACH during the next
time slot.

The 1dle interval used with the embodiment discussed
above should preferably be at least be several power control
information packets in length plus some allowed processing
fime before the succeeding access channel time slot so that
the mobile station can determine whether 1t 1s allowed to
transmit or not during the slot. This preferred length results
from the fact that a single power control bit 1s not encoded
with error correction or detection imformation and is trans-
mitted at a relatively low power to enhance system capacity.
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Thus, a single power control bit 1s not very reliable m its
transmission. This 1s quite acceptable for the usage of power
control during ongoing transmission of message information
(i.c., within the middle of an access channel time slot)
because, although a single bit error during this period will
cause the mobile station to change its power 1n the wrong
direction, this error will be quickly corrected by a succeed-
ing power conftrol bit. However, since the mobile station
cannot reliably detect whether a single power control bit 1s
transmitted, several power control bits corresponding to a
orven R-ACH should be accumulated during the idle interval
in order to reliably determine whether the mobile station 1s
permitted access to the R-ACH or 1s being ordered to cease
transmissions on the R-ACH.

In accordance with yet a further aspect of the 1nvention,
FIG. 5 illustrates a system for disabling accesses to a
R-ACH during the middle of an access control slot. Where
there are more accesses to a given R-ACH 1n an access
channel time slot than the base station desires to process, the
base station preferably turns off the power control bits
corresponding to the R-ACH after some time interval T 1n
the middle of the time slot. The time interval T 1s the time
required by the base station to determine that there are more
accesses than desired. After accumulating several of such
bits, the mobile station determines that the base station 1s not
transmitting power control bits corresponding to the R-ACH
and the mobile station disables its transmissions on the
R-ACH (during the middle of the time slot).

It should be noted that 1n an alternative embodiment, the
idle 1nterval can be during the transmission of the preamble,
thus not requiring any dead time on the channel. In this case,
the base station does not transmit during the preamble to
signal to the mobile station that 1t may transmit. However,
this embodiment has the disadvantage that mobile stations
cannot be power controlled during the preamble. A further
alternative 1s to have the mobile stations transmit during the
preamble 1f the mobile stations are allowed to access the
system. Thus, a base station not transmitting during the
preamble 1s an 1indication to the mobile stations that they are
not permitted to transmit during the time slot.

The embodiment described above use three states of a
single power control bit: off, increase power, and decrease
power. In addition, the transmission of a power control bit at
different times indicates whether a given R-ACH 1s 1dle and
mobile stations can access the R-ACH, whether mobile
stations are not permitted to access the R-ACH, and whether
mobile stations are to stop transmitting on the R-ACH. In the
embodiments discussed above, BPSK modulation was used
to achieve these three states with a single power control bit
as described above. It should be noted that other modulation
schemes can be used to indicate these various states. For
example, each power control bit can be encoded using
QPSK modulation. This provides up to 4 different indica-
tions. It will be understood by those skilled in the art that
other modulation schemes could alternatively be used to
encode the power control bit. In a further alternative
embodiment, a single power control bit can be used to
cgovern all R-ACH’s and will indicate whether any mobile
station 1s permitted to access the system. This single bit can
be used to govern all R-ACHSs. This approach can be used to
avold the use of the i1dle time described above.

Re-Using Power Control Bits

FIG. 3 (described above) showed an arrangement using
staggered R-ACHs. With these staggered R-ACHSs, a power
control bit could be assigned (or mapped) to each staggered
slot for each R-ACH. In accordance with a further aspect of
the mvention, power control bits that are not used for one
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staggered time slot (i.e., a time slot associated with a
particular offset) are available to be reused for controlling
access on a subsequent staggered slot (i.e., a time slot
associated with a later offset).

FIG. 6 shows a case where there are two power control
bits for each R-ACH and four possible starting times for that
R-ACH (i.e., each R-ACH has four associated time offsets,
namely, offset 1, offset 2, offset 3 and offset 4). Initially,
power control bits 1 and 2 for a given R-ACH are assigned
to offset 1 and offset 2 of the R-ACH, respectively. If a
mobile station accesses the given R-ACH during the time
interval corresponding to offset 1, then power control bit 1
1s used for offset 1 of the given R-ACH. Alternatively, if a
mobile station does not access the given R-ACH 1n the time
interval corresponding to oifset 1, then power control bit 1
1s used to control transmissions beginning on offset 3
associated with the R-ACH. Similarly, the power control bit
that 1s used for offset 2 can be used for offset 4 1f there wasn’t
an access of the R-ACH during offset 2. In accordance with
this aspect of the invention, a mobile station desiring to
access the given R-ACH at offset 2 will check during the 1dle
time for offset 2 to determine whether the power control bit
corresponding to offset 2 1s being transmitted. If the power
control bit is being transmitted (e.g., if the base station is
transmitting zero or 180 degree BPSK symbols for the
power control bit), then the mobile station will not access
during offset 2. This 1s just an extension of the rule described
previously, namely, 1f the power control bit 1s not being
transmitted, then the mobile station i1s permitted to access
during offset 2. The power control bit re-use method
described above 1s shown generically in the form of a flow
diagram in FIG. 9.

Soit Handofl of an Access Control Channel

In CDMA systems that function 1n accordance with the
[S-95 standard, an R-ACH 1s received by a single base
station. Accordingly, 1n such systems several base stations
will not receive the R-ACH from a particular mobile station
in a soft handoff manner (i.e., a make-before-break handoff),
such as 1s done on a CDMA Tratfic Channel when a mobile
station moves from a first base station to a second base

station. Details of an exemplary CDMA system implement-
ing a soft-handoil on a CDMA Traflic Channel are set forth

in U.S. Pat. No. 5,101,501 entitled “Method and Apparatus
for Providing A Soft Handofl In A Communications In A
CDMA Cellular Telephone System”, assigneced to the
assignee of the present invention and incorporated herein 1n
its entirety by reference. Although a soft-handoff of the
R-ACH 1s not prohibited by the IS-95 standard, it 1s not
known to have been implemented. There are two disadvan-
tages to not implementing soft handoif on the R-ACH. The
first 1s that site diversity 1s not used, thus reducing the
performance of the channel. The second 1s that reverse
power control 1s not used from multiple sites. As a result, the
mobile station will be transmitting more power than 1is
required.

There are several difficulties 1n performing soft handoif
on the R-ACH. One 1s that since the system does not know
a-priorl which base stations will be needed by a mobile
station accessing the system during a handoff, the system
would be required to have all base stations 1n an area
surrounding the current base station support the soft handoff.
This 1s illustrated 1n FIG. 10. Consider the case of a soft
handoff of an R-ACH for a mobile station 1n sector A,. In
order to complete such a handofl, sectors B; and C, would
likely have to receive the R-ACHand B,, C;, D, E,, A,, A,
D;, and E, might receive the R-ACH for sector A,. This
would certainly be quite a considerable number of additional
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demodulators at each of these other cell sites, but it 1s quite
possible to have demodulators for each of the sectors or
some subset of them. Nonetheless, 1n order to obtain the full
benefit this would require quite a few power control bits to
be used on the forward link. However, 1t should be noted that
additional power control bits are not required for sectors at
the same site, for example, sectors A, and A,. This 1s
because the same hardware receives the R-ACH and can
thus develop a single power control bit value based upon the
reception at the cell site. Thus, the base station 1n sector A,
can 1ndicate that the power control bits are also being
transmitted from other sectors by indicating such in the
overhead messages along with the location of the power
control bit. For example, consider the power control bit
streams shown 1n FIGS. 11A, 11B and 11C. Here the specific
R-ACH 1s using the power control bit 1n position 1 for sector
A, the power control bit in position 2 for sector B; and the
power control bit 1n position 4 for sector C,. It should be
noted that these power control bits will arrive at the mobile
station at different times so that they will have to be
deskewed. This 1s different than the power control bits on the
Traffic Channel 1n a CDMA system which arrive at the
mobile station at the same time from all base stations.

Referring now to FIG. 12, there 1s shown a flow diagram
of a method for soft handoff of an access channel, 1n
accordance with the present invention. In step 1210, at least
one power control bit from the first base station 1s transmit-
ted to the mobile radio. The power control bit from the first
base station 1s transmitted at a first time interval in the power
control information packet that corresponds to that associ-
ated with the first base station. In step 1220, at least one
power control bit from the second base station 1s also
transmitted to the mobile radio unit. The power control bit
from the second base station 1s transmitted at a second time
interval 1n a different position 1n the power control infor-
mation packet that corresponds to the same access channel
as the first base station, but associated with the second base
station. The first power control packet 1s transmitted from
the first base station and the second power control packet is
transmitted from the second base station. In step 1230, the
mobile radio unit receives the power control bit from the first
base station in the power control information packet (such as
shown in FIG. 11A) and the power control bit from the
second base station 1n a second power control information
packet (such as shown in FIG. 11B). In step 1240, the mobile
station forms a power control bit result by deskewing the bits
received 1n step 1230.

The power control bits are handled much as described
previously. However, there are several differences. In the
case of the mobile station detecting whether the channel 1s
being transmitted, 1n the preferred embodiment, the mobile
station should 1individually detect whether the power control
bits are being transmitted on each separate power control
stream. This 1s 1s done by looking at a sequence of bits as
previously described. If all base stations indicate that the
mobile station is allowed to transmit (by the power control
bits not being transmitted), then the mobile station may
enable 1its transmitter 1n the method previously described. In
the preferred embodiment, the mobile station 1s required to
examine the power control stream separately from each base
station. This 1s because a particular base station may not be
able to receive the transmission from a mobile station on the
R-ACH. As an example, referring to FIG. 10, a mobile
station may be close to the center of the cell covered by base
station A2 and thus cannot be received by any other base
stations (e.g., B, C,, B,, C;5, D4, E{, A,, A;, D5, and E,).
Similarly, when the mobile station 1s transmitting on the
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R-ACH, a specific base station may not be transmitting the
bit corresponding to the R-ACH, thus the mobile station will
not combine the bit that 1s being transmitted by the base
station. It should be noted that this latter consideration is
somewhat different than for IS-95 systems on the Traffic
Channel. In the IS-95 system, the mobile station knows for
certainty the set of base stations that are transmitting on the
R-ACH. However, 1n this case the mobile station may have
to detect whether the stream 1s being transmitted. Once the
mobile station has deskewed, determined the phase of the
power control bits (and whether they are being transmitted),
the mobile station determines whether to increase or
decrease 1its transmit power. This 1s an extension to the IS-95
method. If those base stations that are transmitting the power
control bits all indicate that the mobile station 1s to increase
its transmit power, then the mobile station increases its
fransmit power; 1f any base station that 1s transmitting a
power control bits indicates that the mobile station 1s to
decrease 1ts transmit power, then the mobile station
decreases 1ts transmit power. In step 1250, the message 1s
transmitted during the handofl from the mobile radio unit. It
1s received by both the first and the second base stations on
the access channel.

System Details

Referring now to FIG. 13, there 1s a block diagram
showing the components of an exemplary mobile station
1300 used for implementing the fast access channel power
control systems of the present invention. The mobile station
includes an antenna 1330 which 1s coupled through diplexer
1332 to analog receiver 1334 and transmit power amplifier
1336. Antenna 1330 and diplexer 1332 are of standard
design and permit simultaneous reception and transmission
through a single antenna. Antenna 1330 collects signals
transmitted to the mobile station from one or more base
stations and provides the signals though diplexer 1332 to
analog receiver 1334. Receiver 1334 1s also provided with
an analog to digital converter (not shown). Receiver 1334
receives RFE signals from diplexer 1332, amplifies and
frequency downconverts the signals, and provides a digi-
tized output signal to digital data receivers 1340, 1342 and
to search receiver 1344. It will be understood that, although
in the embodiment 1n FIG. 13 only two digital data receivers
are shown, a low performance mobile station might have
only a single digital data receiver while higher performance
units will have two or more digital data receivers to permit
diversity reception. The outputs of receivers 1340 and 1342
are provided to diversity and combiner circuitry 1338 which
fime adjusts the two streams of data received from the
receivers 1340 and 1342, adds the steams together and
decodes the result. Details concerning the operation of the
digital data receivers 1340, 1342, the search receiver 1344,
and the diversity combiner and decoder circuitry 1348 are
described 1n U.S. Pat. No. 5,101,501 entitled “Method and
Apparatus for Providing A Soft Handoif In Communications
In A CDMA Cellular Telephone System”, which 1s assigned
to the assignee of the present invention and incorporated
herein by reference.

An output signal 1s provided from the decoder 1348 to
control processor 1346. In response to this output signal, the
control processor 1346 determines the values of the power
control bits 120 provided to the mobile station from one or
more base stations. The control processor 1346 uses the
received power control bits 1n accordance with the present
invention to enable, disable and power control signals on the
R-ACHs. Thus, 1n response to the receipt of power control
bits indicating that the mobile station should either power-up
or power-down (as described above), the control processor
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1346 will send signals to the transmit power controller 1338
commanding controller 1338 to, for example, either increase
or decrease the output power level of the transmit amplifer
1336 by either plus or minus 1 db.

Referring now to FIG. 14, there 1s shown a block diagram
of the components of an exemplary base station 1400 used
for implementing the fast access channel power control
systems of the present invention. At the base station, two
receiver systems are utilized with each having a separate
antenna and analog receiver for diversity reception. In each
of the receiver systems, the signals are processed 1dentically
until the signals undergo a diversity combination process.
The elements within the dashed lines correspond to elements
corresponding to the communications between the base
station and one mobile staion. Referring still to FIG. 14, the
first receiver system 1s comprised of antenna 1460, analog
receiver 1462, scarcher receiver 1464 and digital data
receivers 1466 and 1468. The second receiver system
includes antenna 1470, analog receiver 1472, scarcher
receiver 1474 and digital data receiver 1476. Cell-site con-
trol processor 1478 1s used for signal processing and control
during handofl. Both receiver systems are coupled to diver-
sity combiner and decoder circuity 1480. A digital link 1482
1s used to communicate signals from and to a mobile
telephone switching office (MTSO) under the control of
control processor 1478.

Signals received on antenna 1460 are provided to analog
receiver 1462, where the signal are amplified, frequency
translated and digitized in a process 1denfical to that
described 1n connection with the mobile station analog
receiver. The output from the analog receiver 1462 1is
provided to digital data receivers 1466 and 1468 and
searcher receiver 1464. The second receiver system (i.e.,
analog receiver 1472, searcher receiver 1474 and digital data
receiver 1476) process the received signals in a manner
similar to the first receiver system. The outputs of the digital
data receivers 1466, 1476 are provided to diversity combiner
and decoder circuitry 1480, which processes the signals 1n
accordance with a Viterb1 algorithm. Details concerning the
operation of the first and second receiver systems and the

diversity combiner and decoder 1480 are described 1n U.S.
Pat. No. 5,101,501 enfitled “Method and Apparatus for

Providing A Soit Handoff In Communications In A CDMA
Cellular Telephone System”, incorporated above. Signals for
fransmission to mobile units are provided to a transmit
modulator 1484 under the control of processor 1478. Trans-
mit modulator 1484 modulates the data for transmission to
the 1ntended recipient mobile station. Among other things,
the data signals output from the transmit modulator 1484
will include the power control information bits 120 that are
the subject of the present invention.

Although the various embodiments disclosed above have
been described in connection with R-ACH channels on
CDMA mobile radio systems, 1t will be understood by those
skilled 1n the art that the teachings of the present invention
are applicable to any mobile radio telephone system having,
access channels that may be accessed by multiple users.

FIG. 15 1s an 1illustration of the way 1n which a power
control channel and a multiple access channel are configured
in accordance with one embodiment of the present inven-
tion. FIG. 15 shows a power 1nhibit sense control channel
(“PICCH”) 1501 that operates at 9600 bits per second (bps)
and one of three multiple access channels associated with
the PICCH 1501, each of the three being referred to herein
as a reverse control channel (“R-CCCH”) 1503. It should be
understood that the rate at which the PICCH 1501 operates
1s a matter of design choice. Other bit rates may be used and
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would not alter the concepts that are being disclosed herein.
However, a relationship preferably exists between the bit
rate of the PICCH 1501 and the rate at which power control
information 1s to be conveyed over the PICCH 1501 to
mobile stations that are attempting to access a particular
R-CCCH 1503. In accordance with that relationship, the bit
rate should be an mteger multiple of the power control rate
in order for there to be an integer number of bits per “PICCH
mini-slot”. A PICCH mini-slot 1s a period of time that is
equal to the 1nverse of the power control rate.

For example, a power control rate of 800 Hz (as shown in
FIG. 15) results in a PICCH mini-slot 1505 that has a

duration of 1/800=1.25 milliseconds (ms). FIG. 15 shows
one R-CCCH 1503 and one PICCH 1501. However, 1n
accordance with the embodiment shown 1in FIG. 15, the
PICCH 1501 1s associated with three R-CCCHs. The num-
ber of such R-CCCHs 1503 that can be associated with one
PICCH 1501 1s dependent upon the bit rate, the power
control rate, and a parameter referred to herein as “L”. L 1s
the number of bits associated with each particular R-CCCH
1503 1 each PICCH mini-slot 1505. For example, the bit
rate shown 1n FIG. 15 1s equal to 9600 bps, the power control
rate 15 800 Hz, and the number of bits L shown 1s equal to
4. Theretore, the number of R-CCCHs 1503 that can be
supported 1s equal to 3. This 1s because the power control
rate 1s equal to 800 Hz. Accordingly, the duration of each
PICCH mini-slot 1505 1s equal to 1.25 ms. In addition, the
bit rate is 9600 bps. Therefore, in a period of 1.25 ms (i.c.,
in one PICCH mini-slot) there will be 12 bits. If there are 4
bits associated with each R-CCCH 1503, then there are
sufficient bits 1n each PICCH maini-slot 1505 for 3 R-CCCHs
1503.

Alternatively, the number of R-CCCHs 1503 can be used
to determine the value of L. In FIG. 15, since the PICCH
1501 1s operating at 9600 bps, and the power control rate 1s
assumed to be 800 Hz, there are 12 bits in each PICCH
mini-slot 1505. Since there are three R-CCCHs (only one
shown) associated with the PICCH 1501 in FIG. 15, the
value of LL=4=12/3. That 1s, each PICCH mini-slot 1505
preferably provides an equal number of bits L for each of the
R-CCCHs 1503 that are associated with the PICCH 1501. In
the embodiment shown 1n FIG. 15§, each PICCH mini-slot
1505 1ncludes three “sub-mini-slots” 1507. A sub-mini-slot
1507 1s equal to L bits. The first sub-mini-slot 1507a begins
at the beginning of the PICCH mini-slot 1505. Each subse-
quent sub-mini-slot 1507 begins in the bit position that
follows the last bit of the previous sub-mini-slot 1507.
Generally, each sub-mini-slot 1507 includes a first power
control bit 1509, followed by L-1 “hash” value bits 1511.
Definition of the hash values carried by the hash value bits
1511 1s provided further below. It should be noted that the
PICCH 1501 may be modulated in quadrature with another
channel of the system, such as the

Each R-CCCH 1503 that 1s associated with the PICCH
1501 1s divided into R-CCCH mini-slots (not shown). The
R-CCCH mini-slots indicate the relative times at which
particular events 1in the R-CCCH can occur. R-CCCH mini-
slots are preferably aligned with the PICCH mini-slots 1505
of the PICCH. However, an alignment delay (“D1”") can be
implemented which offsets the beginning of each R-CCCH
mini-slot from the beginning of a PICCH mini-slot 1505.
Furthermore, 1n accordance with one embodiment of the
present mvention, each R-CCCH begins at a time which 1s
determined with respect to the beginning of the sub-mini-
slot 1507 associated with that R-CCCH. Therefore, the
timing of the R-CCCH associated with the second sub-mini-
slot 1507 will be offset from the timing of the R-CCCH
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associated with the first sub-mini-slot 15074 by the duration
of one sub-mini-slot.

R-CCCH mini-slots have a duration that 1s preferably
equal to the duration of the PICCH mini-slots 1505 of the
PICCH 1501. However, 1n an alternative embodiment, the
R-CCCH mini-slots have a duration that 1s equal to an
integer multiple of the PICCH mini-slots 1505. It should be
noted that the some of the bits are shown 1n FIG. 15 to be
higher than others. Higher bits are intended to indicate that
energy 1s being transmitted, whereas lower bits are intended
to 1indicate that no energy 1s being transmitted. The relative
height of each 1s not intended 1n any other way to convey
relative power of one bit with respect to another.

The function of the each of the bits of the sub-mini-slot
1507 depends upon the status of the associated R-CCCH. In
accordance with one embodiment of the present invention,
the bits are modulated using on-off binary phase shift keying
(BPSK). BPSK means that energy may be transmitted at
cach bit time. That energy 1s typically modulated as a
sinusoid having one of two phase relationships with respect
to a sinusoidal phase reference (e.g., 0 degrees from the
reference phase or 180 degrees from the reference phase).
The fact that the information 1s “on-off” BPSK further refers
to the fact that it 1s also possible that no energy be trans-
mitted during the bit time.

The sub-mini-slot bit functions are defined as follows.
Each of the bits within the first sub-mini-slot 1507 of each
PICCH mini-slot 1505 1s associated with, and dedicated to,
the first R-CCCH 1503. Each of the bits within the second
sub-mini-slot 1507 of each PICCH mini-slot 1505 1s asso-
ciated with, and dedicated to, the second R-CCCH 1503.
Each subsequent sub-mini-slot 1507 1s dedicated to one
assoclated R-CCCH 1503.

Initially, when the associated R-CCCH 1503 1s not being
used by any mobile station, each of the bits in the sub-mini-
slot 1507 are “idle” (i.e., no energy is transmitted during that
bit time). Transmission of an idle bit in the first bit position
1508 of the sub-mini-slot 1507 1s indicative of the fact that
no mobile station has yet attempted to gain access to the
assoclated R-CCCH 1503.

To gain access to an R-CCCH 1503, a mobile station
determines whether the first bit of the sub-mini-slot 1505
assoclated with that R-CCCH 1503 1s idle. In accordance
with one embodiment of the present invention, the mobile
determines whether the channel 1s idle or busy by adding the
absolute value of the soft decisions on the control bits,
computing the resulting energy-to-total-interference ratio
and comparing this to a system speciiied threshold. The
channel 1s considered to be “busy” if the measured ratio
exceeds the threshold.

If the first bit 1n the sub-mini-slot 1505 associated with the
R-CCCH 1503 is busy (energy is being transmitted in that
bit position), then the mobile looks for another R-CCCH
1503 to access. In accordance with one embodiment, the
mobile does nothing for a random backoif time which 1is
selected according to the system parameters, after which 1t
repeats the algorithm starting with selection of one of the
R-CCCHs 1503.

I the first bit 1n the sub-mini-slot 1507 associated with the
R-CCCH 1503 1s 1dle, then the mobile transmits an 1nitial
preamble 1510 over the R-CCCH 1503 to which the mobile
station would like to gain access. In accordance with one
embodiment of the present invention, the initial preamble 1s
not transmitted every time the R-CCCH 1503 1s determined
to be 1dle. Rather, the mobile transmits the preamble a
predetermined percentage of the time (i.e., with a probability
of “p”, where p 1s determined as a system parameter). This
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1s commonly referred to as a “persistence-p” scheme. Such
persistence-p schemes reduce the likelihood that more than
one mobile will attempt to transmit a preamble at the same
time. The preamble 1s encoded with a pseudo-random num-
ber (PN) code that is delayed by a random number of “chips”
(i.., units of information). In one embodiment, the delay is
equal to 512 chips. The preamble 1s preferably a fixed known
pattern. In one embodiment the preamble includes some
indication of the data rate. If the mobile does not transmit in
response to the persistence determination, the mobile will
then examine the busy status of the next mini-slot to
determine whether to transmit the preamble. If the first bit in
the sub-mini-slot 1507 of the next mini-slot 1505 1s 1dle,
then the mobile will transmit during the next R-CCCH
mini-slot with a probability of p. This process repeats until
the transmission occurs. If the mobile determines that the
first bit 1 the sub-mini-slot 1507 associated with the
R-CCCH 1503 1s busy, then the mobile behaves 1n the same
way that the mobile would 1f the R-CCCH 1503 were
determined to be busy the first time.

In accordance with one embodiment of the present
invention, the preamble may be transmitted in bursts (i.e.,
the preamble may be sent as a number of discrete portions,
with a delay between each such portion). Alternatively, the
preamble may be repeated 1n its entirety with a delay
between the transmission of each repetition.

In accordance with one embodiment of the present
invention, a rate word 1516 1s transmitted directly after the
preamble 1510. The rate word 1516 indicates to the base
station the rate at which the mobile station 1s requesting to
send 1information if granted access to the R-CCCH 1503. It
should be understood that the rate determination can be
made 1n a number of alternative ways, and that the timing of
the transmission of the rate word need not be such that the
rate word 1516 follows directly after the preamble 1510.
One alternative way 1n which rate determination can be
made 1s by encoding the preamble with a code that 1s unique
to the particular rate. Another way 1s encode the preamble 1n
such a way as to make the error rate greater if the base
station attempts to decode the preamble at the wrong rate.
The base station will attempt to decode the preamble using
cach rate at which the mobile could have encoded the
preamble. The attempt to decode the preamble that results in
the best error rate 1s then determined to be the correct rate.

When a mobile station transmits an 1nitial preamble 1510
to the base station over the R-CCCH 1503, the base station
receives that energy. If the base station can determine the
rate at which the mobile 1s requesting to send data over the
R-CCCH 1503, then the base station responds by determin-
ing whether the amount of energy that was received 1is
appropriate to the bit rate at which the mobile 1s requesting
to send information over the R-CCCH 1503. That 1s, the
base station determines whether the signal to noise ratio of
the preamble is appropriate (not too great, nor too low) to
support data transmission at the requested rate with a desired
error rate. If the received power level 1s greater than or less
than the desired power level for the requested data rate, then
the base station calculates the amount of adjustment needed
to make the power level appropriate. It should be noted that
in one embodiment of the present invention, power control
1s performed on the pilot 51gnal and not on the tratfic signal.
The rate at which the data 1s to transmitted 1s taken imto
account by the mobile station which adjusts the value of the
initial power adjust word based upon the rate at which the
mobile station will be transmitting the message.

Once the base station has determined how much adjust-
ment 1s desirable in the power level of the signal transmitted
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from the base station (i.€., the amount of energy to be
transmitted by the mobile station), the base station will
fransmit an initial power adjustment word 1507b over the
PICCH 1501 using bits that are “pre-assigned”. Pre-
assignment of the bits means that the significance of the bits
at relative locations within the sub-mini-slot 1507 1s prede-
termined. In the embodiment shown 1n FIG. 15, all four bits
of the sub-mini-slot 1507b are predetermined to carry the
initial power adjustment word. However, 1in an alternative
embodiment, the 1nitial power adjustment word 1507b 1is
number of bits i length, not to exceed L. If the number of
bits divides evenly 1nto the number L, but 1s less than L, then
in accordance with one embodiment of the present
invention, the initial power adjustment word 15076 1is
repeated as many times as possible 1n the L bits of the
sub-mini-slot 1507. The presence of energy in the first bit
1508 of the sub-mini-slot 1507b indicates to those mobile
stations that will receive the PICCH 1501 that the R-CCCH
1053 associated with that sub-mini-slot 15075 1s “busy”. It
should be noted that more than one bit 1s preferably used to
indicate the 1nitial power adjustment. Accordingly, as will be
secen further below, at least some of the bits that are pre-
assigned to the initial power adjustment word are later
pre-assigned to echo the hash value after the hash word has
been received.

A delay, referred to as the “base detection delay” (D2),
occurs between the end of the 1nitial preamble at the mobile
station and the start of the transmission of the initial power
adjustment word 15075b. This delay 1s an 1integer multiple of
PICCH mini-slots 1505. In one embodiment of the present
invention, the Base Detection Delay 1s between 0 and 15
PICCH mini-slots in duration. It should be noted that by
transmitting an initial preamble 1510 and waiting to get back
an 1nitial power control adjustment word 15075, the base
station can set the power level of the mobile prior to
transmission of information at the desired bit rate. This 1s
advantageous, since the preamble may be transmitted at
lower power level than the mnformation due to the fact that
the bit pattern of the preamble 1s known and 1s repetitive.
This, 1n combination with the fact that the preamble 1s being
received coherently, allows energy to be coherently inte-
orated over the duration of the preamble.

After transmitting the preamble, and rate word 1f used, the
mobile will attempt to decode the sub-mini-slot associated
with the requested R-CCCH 1503. As shown in FIG. 15,
there should not be any power transmitted 1n the sub-mini-
slots 1505¢ that occur before the end of the base detection
delay D2 (which is preferably a predetermined system
parameter). Therefore, if the mobile station detects power in
a sub-mini-slot 1505¢ which occurs during the base detec-
tion delay D2, the mobile station will assume that another
mobile station has been granted access to the R-CCCH
assoclated with that sub-mini-slot 1507.

After the base detection delay D2, the mobile station
should be able to detect the initial power adjustment word.
If the mobile station 1s unable to detect the initial power
adjustment word 15075, then the mobile station will pref-
erably assume that the access attempt has failed and attempt
to access again, beginning with selecting a R-CCCH 1503
over which the mobile station wishes to transmit. As 1s the
case at each other stage of the process, 1f the mobile station
determines that the attempt has failed, then the mobile
station will preferably back off for a random amount of time
and try to access again.

If the mobile station 1s able to detect the initial power
adjustment word, then the mobile station assumes that the
base station has detected the preamble 1510 transmitted by
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the mobile station. However, 1t may be possible that a
preamble 1510 that was transmitted by another mobile
station was detected by the base station. This condition 1s
remedied as detailed further below. In either case, at the end
of the PICCH muini-slot 15054 that includes the 1nitial power
adjustment word 1507b, the mobile station preferably begins
transmitting a channel estimation preamble 1513. The power
at which the mobile station transmits the channel estimation
preamble 1s responsive to the value of the received initial
power adjustment word. In addition, the mobile station

adjusts 1ts transmit power 1n response to the data rate that 1s
to be used on the R-CCCH 1503. The amount of time that

clapses between the end of the PICCH mini-slot 15054 and
the beginning of the channel estimation preamble 1513 is
shown 1 FIG. 15 to be one PICCH mini-slot 1n duration.
However, 1n an alternative embodiment, a “mobile hold
delay” (D3) having a duration that is any integer multiple of
the duration of a PICCH mini-slot 1505 may be imposed.
Likewise, the channel estimation preamble 1513 1s shown to
be equal 1n duration to one PICCH mini-slot 1505. However,
In an alternative embodiment, the duration of the channel
estimation preamble 1513 1s equal the duration of any
integer multiple of PICCH mini-slots 15035.

After the transmission of the channel estimation
preamble, a “hash” word 1514 1s transmitted which has a
hash value derived from information that 1s unique to the
transmitting mobile station. The hash value 1s generated by
a hash function that maps unique mput information of a first
length 1nto an output hash value of a length that 1s shorter
than the length of the 1nput information. For example, in one
embodiment of the present invention, the mput information
includes the electronic serial number (ESN) of the mobile
station. The ESN 1s unique to each mobile station. However,
the ESN 1s relatively long. The hash function maps the ESN
to a hash value that is shorter (requires less bits) than the
ESN. The hash word 1514 assists the mobile and the base
station 1n determining which mobile station will be granted
access to the R-CCCH 1503.

Since the hash value 1s derived from information that 1s
unique to the mobile station, each mobile station will
generate a “quasi-unique” hash value. The hash values will
be quasi-unique to each mobile station because the length of
the hash word 1514 1s preferably too short to allow for a
suificient number of unique hash values to accommodate all
of the mobiles stations that are in operation throughout the
world. Nonetheless, the length of the hash word 1514 1s
sufficient to make 1t unlikely that more than one mobile
station in the same operating area (i.e., in communication
with the same base station) will generate the same value. The
use of this hash word 1514 allows less mformation to be
fransmitted than 1s required to uniquely distinguish the
mobile that has gained access to the R-CCCH 1503 from
every other mobile station that 1s currently 1n operation
throughout the world, while still distinguishing that mobile
station from all others 1n the area 1n most cases. In one
embodiment of the present invention, the hash value 1is
repeated 1n order to ensure that 1t 1s correctly decoded by the
mobile station. If, at any time during the reception of the
hash word, the mobile station determines that the hash value
being received 1s not the hash value that was transmitted by
that mobile station, then the mobile ceases transmitting on
the R-CCCH 1503 and assumes that the access attempt has
failed. Depending upon the power level received by the
mobile station, the mobile station can make a determination
as to how reliable each bit of the hash value 1s and whether
to terminate the transmission on the R-CCCH 1n response to
bit being received 1n error 1n the hash value. At some point,
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the mobile will terminate transmission if the have value
received 1s not the hash value transmitted. In accordance

with one embodiment, the hash word can be suppressed (i.e.,
not transmitted in the R-CCCH 1503).

After the hash word 1514 1s transmitted, the mobile
transmits a message. The message contains the user content
that 1s to be transmitted between the mobile station and the
base station.

It should be noted that each of the sub-mini-slots 1507¢,
15074, that are transmitted during a “power control delay”™
(D4) are “dummy” bits. Dummy bits have no significance
when received by the mobile station other than as place
holders and to indicate that the R-CCCH 1503 1s busy. The
power control delay D4 1s the time between the beginning of
the channel estimation preamble and the start of power
control information. This delay 1s preferably present because
of the need for time 1n the base station to determine the
proper power control value. Therefore, the first power con-
trol bit 1512 that 1s used by the mobile station 1s sent during
sub-mini-slot 1507¢, which occurs after the power control

delay D4.

It should be noted that in accordance with one embodi-
ment of the present invention, there 1s only one power
control bit in each sub-mini-slot 1507, with the exception of
the 1nitial power control bits 1508 described above. In the
embodiment shown 1n FIG. 15, the first bit within the
sub-mini-slot 1s the power control bit. However, 1n an
alternative embodiment, the power control bit may be any
one of the bits 1n the sub-mini-slot 1507. Furthermore, 1n an
alternative embodiment, more than one power control bit 1s
used to 1ndicate the how much the mobile should adjust the
power that 1s to be transmitted on the R-CCCH 1503. In the
embodiment 1n which there 1s only one power control bit, the
value of the power control bit 1s preferably repeated for each

of the remaining bits of the sub-mini-slot 1507¢, since the
hash value 1s not known at the time that the sub-mini-slot
1507¢ 1s transmitted.

A “hash code delay” D3 occurs after the entire hash word
1514 has been received. The hash code delay DS 1s shown
to be equal to the remainder of the PICCH mini-slot 1505¢.
However, 1n an alternative embodiment, the hash code delay
extends beyond the beginning of the next PICCH mini-slot
by a duration equal to the duration of an integer multiple of
PICCH mini-slots. Accordingly, the hash code delay DS may
be specified such that it has a duration that lasts until the
beginning a PICCH mini-slot 1505 that begins after the
entire hash word 1514 has been received.

In response to the receipt of the hash word 1514 and a
determination by the base station that the mobile that has
transmitted that hash word 1514 is to be given access to the
R-CCCH 1503, the base station transmits a power control
bit. The power control bit indicates that the R-CCCH 1503
assoclated with that sub-mini-slot 1507 1s busy and whether
the mobile should adjust the output power transmitted on the
R-CCCH 1503 either up or down. As shown m FIG. 15, the
power control bit 15154 1s transmitted as the first bit in the
sub-mini-slot 1507f. As noted above, 1n an alternative
embodiment, the power control bit 1s located 1n a bit position
other than first bit position 1n the sub-mini-slot 1507f. In the
embodiment shown 1n FIG. 15, a stream of bits 15174 that
represent a portion of the hash function follow the power
control bit. This stream of bits 15174 1s preferably equal in
length to the sub-mini-slot minus one (i.€., minus the power
control bit). Therefore, the combination of the power control
bit and the stream of bits which, represent the hash function
comprise the complete sub-mini-slot 15077.

In the embodiment shown in FIG. 15, the length of the
hash word 1514 1s greater than the number of bits in one
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sub-mini-slot 1507. Therefore, only the first three bits 15174
of the hash value follow the power control bit 15154 1n the
sub-mini-slot 1507f. The next three bits 15175 of the hash
value 1514 follow the power control bit 15155 1n the next
sub-mini-slot 1507¢ associated with the same R-CCCH
1503 as the sub-mini-slot 1507/. Each subsequent sub-mini-
slot 1507 carries three additional bits until the entire hash
value 1s sent. In accordance with one embodiment, the hash
value 1s repeated 1n order to ensure that the all mobiles know
whether they have been granted access to the R-CCCH 1503
assoclated with the sub-mini-slot that carries the hash word
1514. This process of repeating the hash value 1in the PICCH
1s known as “echoing” the hash value.

In one embodiment of the present invention, the hash
word 1514 may not have been completely received before
the end of the power control delay D4. Therefore, 1n one
such embodiment, the hash word cannot be echoed until
after the hash code delay DS3.

In an alternative embodiment of the present invention,
cach sub-mini-slot within the PICCH 1s encoded over the
entire mini-slot 1505 using a different orthogonal code.
Additionally, the R-CCCH associated with each sub-mini-
slot has the same timing. In yet another alternative
embodiment, each R-CCCH 1s dedicated to a particular bat
rate. Accordingly, one of the determining factors in selecting
which R-CCCH the mobile station desires to transmit on
will be the bit rate that 1s desired. Still further, in one
embodiment of the present invention, some, or all, of the
system parameters may be programmable. These parameters
include: (1) persistence; (2) retransmission delay (i.e., the
amount of time between the mobile finding that the channel
is busy and the time that the transmission is rescheduled; (3)
number of PICCH channels in a system; (4) a mapping code
which shows how supported R-CCCHs map to specific
sub-mini-slots; (5) R-CCCH mini-slot offset (difference
between the beginning of a PICCH mini-slot and a R-CCCH
mini-slot); (6) preamble length; (7) rate word length, if used;
(8) base detection delay D2; (9) Initial power adjustment
word length; (10) mobile hold delay D3; (11) channel
estimation preamble duration; (12) hash word length; (13)
number of hash word echoes; (14) power control delay D4;
(15) hash code delay DS; and (16) maximum message
length.

In another embodiment of the present invention, the
power control rate can be altered 1n order to change the
length of the PICCH mini-slot. In another alternative
embodiment, the use of more than one power control bit 1n
a sub-mini-slot allows the energy of more than one bit to be
coherently mtegrated over time 1n order to better determine
the value of the power control bits using less energy per bait.

FIG. 16 1s a stmplified block diagram of a mobile station
1600 1n accordance with the present invention. The mobile
station 1600 includes an antenna 1601, a radio frequency
(RF) front end section 1603, a processor 1605, and a
memory 1607. Essentially, all of the functions of the present
invention are performed by the processor 1605 which pret-
erably receives digital information from the RF front end
1603. The memory 1607 stores system parameters and
instructions which are executed by the processor 1605. The
processor 1605 also transmits information from on the
R-CCCH 1503. The information 1s generated by the proces-
sor 1605.

Softer handofl may be facilitated at the mobile by trans-
mitting specific subchannel(s) of the F-PICCH in a simulcast
manner on sectors (pairs or all sectors) of a cell. The system
would need to specify which F-PICCH subchannels (and
corresponding R-CCCH’s) are supported in the simulcast
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mode. One or multiple simulcast subchannels could be
supported 1n a cell. The mobile preferably makes a decision
to use a simulcast channel based on differential pilot
strengths of the sectors. The performance of users in this
softer handoif zone will be greatly improved.

In accordance with one embodiment, a special auxiliary
F-PICCH 1s defined for use on other sectors of a cell. The
first busy on 1t 1s communicated, going 1dle again 1immedi-
ately thereafter. Accordingly, the load would be extremely
low, and i1t would be used only by users attempting to
determine if the channel 1s busy at the correct time. The aux
F-PICCH would not be used by users monitoring the chan-
nel for the mnitial idle.

The previous description of the preferred embodiments 1s
provided to enable any person skilled in the art to make or
use the present mmvention. The various modifications to these
embodiments will be readily apparent to those skilled 1 the
art, and the generic principles defined herein may be applied
to other embodiments without the use of mventive faculty.
Thus, the present invention 1s not intended to be limited to
the methods and apparatuses shown herein but i1s to be
accorded the widest scope consistent with the claims set
forth below.

What 1s claimed 1s:

1. A method for determining whether a mobile station
which 1s attempting to access a multiple access channel has
cgained access to the multiple access channel, including the
steps of:

a) generating a hashing value from information particular
to the mobile station;

b) transmitting the hashing value from the mobile station
over the multiple access channel 1f the multiple access
channel i1s not busy;

¢) monitoring a received signal to determine whether the
hashing value has been echoed back to the mobile
station;

d) checking for a received power control bit, whose
presence 1ndicates that the multiple access channel 1s
busy; and

¢) continuing to transmit over the multiple access channel
only 1f the hashing function i1s echoed back to the
mobile station within a predetermined amount of time.

2. Amethod for indicating whether a mobile station which

1s attempting to access a multiple access channel has gained
access to the multiple access channel, including the steps of:

a) receiving a request to access the multiple access
channel, the request including a hashing value indicat-
ing the 1dentity of the mobile station;

b) checking for a received power control bit, whose
presence 1ndicates that the multiple access channel 1s
busy;

c) assigning the multiple access channel to the hashing

value only if the multiple access channel 1s not busys;
and

¢) broadcasting a message from the base station, the
message including the hashing value received with the
request.

3. The method of claim 2, further including the steps of:

a) receiving a preamble from the mobile station; and

b) transmitting an initial power adjustment word using
pre-assigned bits of a sub-mini-slot 1n response to a
power level of the preamble, wherein at least one of the
pre-assigned bits of the initial power adjustment word
1s pre-assigned to echoing the hash value received from
the mobile station once the hash value has been
received.
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4. A method for accessmng a multiple access channel,
including the steps of:

a) transmitting a request to access the multiple access
channel, the request including a hashing value indicat-
ing the 1dentity of a mobile station;

b) checking for a received power control bit, whose
presence indicates that the multiple access channel 1s
busy;

¢) receiving a message from the base station, the message
including the hashing value received with the request.
5. The method of claim 4, further including the steps of:

a) transmitting a preamble from the mobile station; and

b) receiving an initial power adjustment word using
pre-assigned bits of a sub-mini-slot, wherein at least
one of the pre-assigned bits of the 1nitial power adjust-
ment word 1s pre-assigned to echoing the hash value
received from the mobile station once the hash value
has been received.

6. The method of claim 4, further including the steps of:

a) transmitting a preamble from the mobile station;

b) ceasing transmission;
¢) receiving an initial power control adjustment word; and

d) resuming transmission, the power of the resumed
transmission being adjusted 1n response to the value of
the received 1nitial power control adjustment word.

7. The method of claim 6, further including the step of

fransmitting a rate word before ceasing transmission.

8. The method of claim 1, wherein the power control bit
comprises a plurality of states.

9. The method of claim 8, wherein a first state of the
plurality of states initiates the transmission of message
information from the mobile station.

10. The method of claim 8, wherein a second state of the
plurality of states inhibits the iitiation of transmaission of
message 1information from the mobile station.

11. The method of claim 8, wherein a third state of the
plurality of states ceases transmission of message informa-
fion from the mobile station.

12. The method of claim 8, wherein a second state of the
plurality of states increases an output power level of the
mobile station.

13. The method of claim 8, wherein a third state of the
plurality of states decreases an output power level of the
mobile station.

14. The method of claim 2, wherein the power control bit
comprises a plurality of states.
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15. The method of claim 14, wherein a first state of the
plurality of states initiates the transmission of message
information from the mobile station.

16. The method of claim 14, wherein a second state of the
plurality of states inhibits the initiation of transmission of
message 1nformation from the mobile station.

17. The method of claim 14, wherein a third state of the
plurality of states ceases transmission of message mnforma-
fion from the mobile station.

18. The method of claim 14, wherein a second state of the

plurality of states increases an output power level of the
mobile station.

19. The method of claim 14, wherein a third state of the
plurality of states decreases an output power level of the
mobile station.

20. A method for determining whether a mobile station
which 1s attempting to access a multiple access channel has
cgained access to the multiple access channel, comprising;:

a) generating a hashing value from information particular

to the mobile station;

b) transmitting the hashing value from the mobile station
over the multiple access channel 1f the multiple access
channel 1s not busy;

¢) monitoring a received message for a power control bit,
whose presence that the multiple access channel 1is
busy;

d) monitoring the received message to determine whether

the hashing value has been echoed back to the mobile
station; and

¢) initiating transmission over the multiple access channel
only if the multiple access channel 1s not busy and the
hashing function 1s echoed back to the mobile station
within a predetermined amount of time.

21. The method of claim 20, further comprising continu-
ing to transmit over the multiple access channel only 1f the
hashing function 1s echoed back to the mobile station within
a predetermined amount of time.

22. The method of claim 20, further comprising:

a) receiving a preamble from the mobile station; and

b) transmitting an initial power adjustment word using
pre-assigned bits of a sub-mini-slot 1n response to a
power level of the preamble, wherein at least one of the
pre-assigned bits of the initial power adjustment word
1s pre-assigned to echoing the hash value received from
the mobile station once the hash value has been
received.
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